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US 7,822,245 B2 
1. 

METHOD FOR DETECTING ARESPONSE OF 
EACH PROBE ZONE ON ATEST STRIP 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application is a continuation of U.S. patent 
application Ser. No. 10/334,798, filed Jan. 2, 2003 now U.S. 
Pat. 7,197,169, entitled, “METHOD FOR DETECTING A 
RESPONSE OF EACH PROBE ZONE ONATEST STRIP, 
and is incorporated herewith in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method for detecting a 

response of each probe Zone on a test strip, and more particu 
larly to a method for detecting a response of each probe Zone 
on a test strip via an image capturing technology. 

2. Description of the Prior Art 
Over the past decade, there has been an increased need and 

demand for analysis of various biological specimens, for 
purposes ranging from pregnancy testing to drug analysis. 
Considerable time and effort has been expended by way of 
devising systems and analytic techniques to ensure reliable 
testing and accurate results. 

Moreover, with increasing rise in the use of abuse-type 
drugs, the need for detecting and identifying those drugs and 
their metabolites is becoming more important. With this need, 
many more tests are required to monitor the use of abuse-type 
drugs. 

Thin layer chromatography (TLC) screening procedures 
for detecting drugs in urine require the careful preparation of 
a test specimen and then a skillful application of that test 
specimen to a plate placed into a developing chamber. Once 
the plate is removed from the chamber and dried, it is sprayed 
with visualization reagents. Location and color of spots are 
compared with those of known standards. Qualitative judg 
ments are made as to the presence of various drugs in the 
unknown sample. The procedure is tedious, time consuming 
and requires skilled personnel to interpret the results. 
The EMIT (Enzyme Multiplied Immuno-chemical Test) 

procedure is a semi-quantitative immuno-assay for drugs of 
abuse in biological fluids. The laboratory test requires trained 
technicians to perform and the equipment necessarily costs 
several thousands of dollars. 
The RIA (Radio-Immuno-Assay) procedure is a sensitive 

and quantitative laboratory procedure for detecting drugs of 
abuse. The various immunochemicals are labeled with radio 
active compounds and require special care in their use and 
disposal. Alicense is required from the government to use this 
laboratory procedure because of the presence of radioactive 
materials. The GLC (Gas-Liquid Chromatography) proce 
dure can provide the highest degree of accuracy in drug analy 
sis. However, the necessary equipment is expensive and the 
procedure is complicated. Consequently, highly trained per 
Sonnel are required for its use. 

Each of these well-known procedures requires skilled tech 
nicians and relatively Sophisticated equipment. Conse 
quently, the testing procedure is necessarily expensive. 

However, the increase of drug abuse has increased a need 
for new methods of analyzing drug residues in physiological 
fluid. A drug abuse test paper for testing the presence or 
absence of drugs in a fluid specimen collected from a test 
Subject is developed. The drug abuse test paper is prepared in 
accordance with unique procedure whereby pH insensitivity 
and color change sensitivities to tested fluids are obtained. 
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2 
The color change of the drug abuse test paper sensitive to one 
specific Substance present in the fluid specimen collected 
from the test Subject applied on the drug abuse test paper is 
simply verified by visual judgment. This abuse-type drug 
testing is rapid and convenient. However, it is not convincing 
for concluding the test Subject has used abuse-type drugs. 

Accordingly, it is an intention, to provide means capable of 
detecting and identifying the presence or absence of drugs of 
abuse in a fluid specimen, which can overcome the problems 
of the conventional methods. 

SUMMARY OF THE INVENTION 

It is one objective of the present invention to provide a 
method for detecting a response of each probe Zone on a test 
strip, which captures a whole image of the test Strip and using 
the image position of a bottom edge of the test strip as a 
reference to identify the image positions of the responses of 
the probe Zones of the test strip. The responses of the probe 
Zones of the test strip thus can be accurately and rapidly 
determined in accordance with the gray levels of the related 
image positions. 

It is another objective of the present invention to provide a 
method for detecting a response of each probe Zone on a test 
strip, which can be used as an implement to detect or identify 
the presence or absence of drugs of abuse in a test sample. 

It is still another objective of the present invention to pro 
vide a method for detecting a response of each probe Zone on 
a test strip, which is quick and convenient to use by non 
Sophisticated personnel in non-laboratory settings, and per 
forms assays for multiple drugs of abuse simultaneously. 

It is a further objective of the present invention to provide 
a method for detecting a response of each probe Zone on a test 
strip, which associates with an image capturing/processing 
technology to analyze drug residues in physiological fluid to 
attain the purposes of accuracy, rapid and cost effective in 
drug abuse detection technology. 

In order to achieve the above objectives of this invention, 
the present invention provides a method for detecting a 
response for each probe Zone on a test Strip. The present 
method includes providing a test strip having a light color 
base and a color pattern displayed thereon. The color pattern 
occurs in response to a tested Solution contacting with the test 
strip and including a plurality of color lines displayed in 
sequence from a bottom portion of the test strip to a top 
portion thereof. The site of each color line represents a probe 
Zone of the test strip. Capturing a whole image of the test Strip 
and selecting at least one Scanline perpendicular to the image 
of the color lines from the whole image. Setting a pixel 
position of the scan line having a minimum pixel value cor 
responding to the image of a bottom edge of the test strip. 
And, assigning respective pixel positions of the scan line 
corresponding to each of the color lines of the test strip by 
using the pixel position with the minimum pixel value as a 
reference and in accordance with the sequence of the color 
lines displayed on the test strip. Thereby, a response of each 
probe Zone of the test strip related to a respective pixel value 
of the pixel position corresponding to the color line of the 
probe Zone is obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objectives and features of the present invention as well 
as advantages thereof will become apparent from the follow 
ing detailed description, considered in conjunction with the 
accompanying drawings. 
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FIG. 1A to FIG. 1D shows schematic top views of a drug 
abuse test strip under various testing situations of the present 
invention; 

FIG. 2A is a schematic perspective view of a drug abuse 
test Strip after testing a sample fluid of the present invention; 

FIG. 2B is a schematic top view of the drug abuse test strip 
of FIG. 2A; and 

FIG. 3 is a diagram of pixel value verse pixel position 
established in accordance with one scan line selected from a 
whole image captured from the drug abuse test strip of FIG. 
2B. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

From a view of broad application, the present invention 
provides a method for detecting a response for each probe 
Zone on a test strip after testing a sample solution, which 
associates with an image capturing/processing technology to 
detect respective responses of the probe Zones on the test Strip 
to qualitatively and quantitatively identify specific Substances 
in the sample solution. More specifically, the present inven 
tion utilizes the image capturing technology to capture the 
whole image of a test strip having a color pattern displayed 
thereon. The color pattern includes a plurality of color lines 
each of which representing a probe Zone of the test Strip 
having a color change in response to a specific Substance in 
the sample solution. In accordance with the image of the color 
pattern of the test strip, the response of each probe Zone of the 
test strip to the sample solution can be determined so as to 
detect the presence or absence of the specific Substance 
related to in the sample solution. The present method is suit 
able to be used as a drug abuse detection technology. That is, 
the present method can be used to detect the response for each 
probe Zone on a drug abuse test strip after testing a physi 
ological fluid, such as a urine specimen fluid, collected from 
a test Subject, instead of visual judgment of the responses of 
the probe Zones on the drug abuse test strip. 

The present method will be described in detail with a drug 
abuse test strip as an example in the following. However, 
before detailed description of the present method, an intro 
duction of various color patterns occurring on one drug abuse 
test strip under various testing situations is provided herein. 
Firstly, referring to FIG. 1A, which is a schematic top view of 
a drug abuse test strip 10 prior to testing a sample fluid 
collected from a test subject. The drug abuse test strip 10 is 
blank and no color pattern displayed thereon prior to testing 
the sample fluid. The dotted lines 11 through 16 respectively 
represent a probe Zone of the drug abuse test strip 10. The top 
probe Zone of the drug abuse test strip 10 corresponding to the 
site of dotted line 11 displays color change in response to the 
sample fluid, which is used to indicate whether the amount of 
the sample fluid is sufficient to move through all probe Zones 
of the drug abuse test strip 10 by capillary action. The other 
probe Zones of the drug abuse test strip 10 corresponding to 
the sites of dotted lines 12 through 16 respectively display 
color change in response to a respective abuse-type drug 
presenting in the sample fluid. It should be noted the drug 
abuse test strip used in the present invention is not limited to 
the kind of the drug abuse test strip 10 of FIG. 1A. 

Referring to FIG. 1B, which shows a color pattern of the 
drug abuse test strip 10 having no color change occurring in 
the top probe Zone represented by the dotted line 11, which is 
under a testing situation that the amount of the sample fluid is 
not sufficient to assure the sample fluid moves through all 
probe Zones of the drug abuse test strip 10. Therefore, in 
accordance with the color pattern consisting of solid lines 14 
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4 
through 16 shown in FIG. 1B, the drugs of abuse presenting in 
the sample fluid cannot completely detected and identified. 
Referring to FIG. 1C, which shows a color pattern of the drug 
abuse test strip 10 having only one color line 11 displayed in 
the top probe Zone of the drug abuse test strip 10, which 
means all other probe Zones represented by the dotted lines 12 
through 16 have positive responses to the sample fluid, and all 
drugs of abuse corresponding to these probe Zones present in 
the sample fluid. Referring to FIG. 1D, which shows a color 
pattern of the drug abuse test strip having color lines 11, 12 
and 15 displayed in the top probe Zone and some other probe 
Zones of the drug abuse test strip 10, which means the top 
probe Zone 11 has a positive response to the sample fluid, 
indicating the amount of the sample fluid is Sufficient, and the 
probe Zones represented by the color lines 12 and 15 have a 
negative response to the sample fluid, indicating that the 
absence of the drugs of abuse corresponding to these two 
probe Zones in the sample fluid. On the contrary, the probe 
Zones represented by the dotted lines 13, 14 and 16 have a 
positive response to the sample fluid, indicating that the pres 
ence of the drugs of abuse corresponding to these three probe 
Zones in the sample fluid. 
The present invention associates with the image capturing/ 

processing technology to detect responses for the respective 
probe Zones of the drug abuse test strip 10. The color pattern 
including various color lines displayed on the drug abuse test 
strip 10 after testing the sample fluid is captured and analyzed 
to identify the drugs of abuse present in the sample fluid. 
Referring to FIG. 1B to FIG. 1D, there are some testing 
situations happen. One first testing situation is the color line 
11 is not displayed due to an insufficient amount of the sample 
fluid, see FIG. 1B. One second testing situation is only the 
color line 11 displayed, while other color lines 12 through 16 
not, which indicates that all the probe Zones of the drug abuse 
test strip 10 have a positive response to the sample fluid. Thus, 
all the drugs of abuse corresponding to all the probe Zones 
present in the sample fluid, as shown in FIG. 1C.. One third 
testing situation is the color line 11 and some other color lines 
12 and 15 displayed, which indicates the probe Zones of the 
color lines 12 and 15 have a negative response to the sample 
fluid. The drugs of abuse related to absent in the sample fluid. 
In view of the test results under the various testing situations, 
the image information of the respective color lines 12 through 
16 can not be identified with the color line 11 as a reference. 

Hence, the present invention provides a method to identify 
the image information of the respective color lines 11 through 
16 of the drug abuse test strip 10 under the various testing 
situations. Referring to FIG. 2A, the drug abuse test strip 10 
having a light color base, such as white base, and a color 
pattern displayed thereon, is provided. The color pattern 
includes color lines 11 through 16 displayed in sequence from 
the top portion of the drug abuse test strip 10 to the bottom 
portion thereof. The color lines 11 through 16 have the same 
color, while different shades. The site of each of the color 
lines 11 through 16 represents a probe Zone of the drug abuse 
test strip 10. Except for the top probe Zone represented by the 
color line 11, the probe Zone has a positive response to the 
sample fluid, the site of the probe Zone would display a light 
shade color line, even does not display the color line. That 
indicates the presence of the drug of abuse to be detected 
presents in the sample fluid. On the contrary, when the probe 
Zone has a negative o response to the sample fluid, the site of 
the probe Zone would display a dark shade color line, indi 
cating the absence of the drug of abuse to be detected in the 
sample fluid. In the present invention, the shade of the color 
line is inversely proportional to the concentration of the 
detected drug of abuse in the sample fluid. The whole image 
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of the drug abuse test strip 10 is then captured by an image 
capturing device. Such as a scanner associated with a charge 
coupled device (CCD). Referring to FIG. 2B, selecting at 
least one scan line L-L from the whole image. The scan line 
L-L is perpendicular to the image of the color lines 11 
through 16. A diagram of pixel value verse pixel position for 
the whole image of the drug abuse test strip 10 is established 
in accordance with the scanline L-L', as shown in FIG.3. The 
diagram of FIG.3 shows three curves respectively represent 
ing the relationship of pixel value and pixel position for red 
(R), green (G), blue (B) channels of the charge-coupled 
device. The R, G, B channels are disposed on the charge 
coupled device in parallel, and each of the R, G, B channels 
including a plurality of sensor cells, and each sensor cell 
corresponding to a pixel position. Alternately, the present 
invention can utilize a charge-coupled device with a single 
channel. Such as a charge-coupled device with a red channel, 
a charge-coupled device with a green channel or a charge 
coupled device with a blue channel, to capture the whole 
image of the drug abuse test strip 10. A shade would appear on 
the bottom edge of the drug abuse test strip 10 due to the 
three-dimensional structure of the drug abuse test strip 10. 
The shade of the bottom edge of the drug abuse test strip 10 
would correspond to an image position having a minimum 
gray level, i.e. minimum pixel value, on the whole image of 
the drug abuse test strip 10. Thus, referring to FIG. 3, setting 
a pixel position of the Scanline L-L having a minimum pixel 
value, the position between pixel positions 301 and 326, 
corresponding to the image of the bottom edge of the drug 
abuse test strip 10. As shown in FIG. 3, the R pixel values of 
the whole image of the drug abuse test strip 10 show signifi 
cant differences. It is preferable that the pixel position corre 
sponding to the bottom edge of the drug abuse test strip 10 is 
determined depending on the minimum R pixel value. Then, 
using the pixel position having the minimum pixel value asa, 
reference, i.e. designating the position between pixel posi 
tions 301 and 326 corresponding to the bottom edge of the 
drug abuse test strip 10, and in accordance with the sequence 
of the color lines 11 through 16 displayed on the drug abuse 
test strip 10, to assign respective pixel positions of the scan 
line L-L corresponding to each of the color lines 11 through 
16 of the drug abuse test strip 10. Thereby, the response of 
each probe Zone of the drug abuse test strip 10 to the sample 
fluid is determined in accordance with the respective pixel 
value corresponding to the probe Zone. The concentration of 
the detected drug of abuse present in the sample fluid also can 
be obtained based on the response thereof. 

The present method can be automatically performed by an 
application installed in a computer associated with an image 
capturing device. The present method is Suitable to be used as 
means to accurately and rapidly detect or identify the pres 
ence or absence of drugs of abuse in the sample fluid. And, the 
present method does not need an expensive equipment and a 
Sophisticated personnel to perform. Thus, the present inven 
tion provides an extremely important advance in the drug 
abuse detection technology. Thousands of tests will no longer 
have to be conducted using the more Sophisticated TLC, 
EMIT, RIA and GLC procedures. 
The embodiments are only used to illustrate the present 

invention, not intended to limit the scope thereof. Many modi 
fications of the embodiments can be made without departing 
from the spirit of the present invention. 
What is claimed is: 
1. A method, comprising: 
providing a test strip having a background and a pattern 

displayed thereon, the pattern occurring in response to a 
tested Solution contacting a first region of the test strip, 
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6 
the pattern having a plurality of test lines that each 
correspond to a probe Zone configured to indicate the 
presence or absence of a corresponding Substance in the 
tested Solution; 

capturing an image of the test strip using a scanning device; 
selecting at least one Scanline from the image, the Scanline 

intersecting image lines of the pattern in the captured 
image; 

identifying pixel positions located at intersections of the 
Scan line and the image lines of the pattern in the cap 
tured image; 

selecting a reference pixel position associated with an edge 
of the test strip; and 

correlating each of the identified pixel positions with a 
particular one of the probe Zones using the reference 
pixel position and a preset sequence of the probe Zones. 

2. The method of claim 1, wherein the reference pixel 
position is selected by locatingapixel in the selected Scanline 
of the captured image having a minimum red pixel value. 

3. The method of claim 1, wherein the reference pixel 
position is selected by locatingapixel in the selected Scanline 
of the captured image having a minimum average pixel value 
formed of red, green, and blue pixel values. 

4. The method of claim 1, wherein the background is white. 
5. The method of claim 1, wherein the tested solution 

comprises a biological fluid collected from a subject. 
6. The method of claim 5, wherein the biological fluid 

comprises a urine specimen fluid. 
7. The method of claim 1, wherein the test strip includes a 

second region configured to have a response indicating 
whether the tested solution has moved through all the probe 
Zones, wherein the second region is positioned further from 
the first region than the probe Zones such that the probe Zones 
are positioned between the first region and the second region. 

8. The method of claim 7, further comprising associating a 
respective pixel position of the scan line with the second 
region, wherein the pixel position that is associated with the 
second region is further from the reference pixel position than 
the respective pixel positions that are associated with the 
image lines. 

9. The method of claim 1, wherein the probe Zones of the 
test strip include at least one particular probe Zone between 
top and bottom probe Zones of the test strip, and wherein at 
least a particular one of the identified pixel positions of the 
scan line that are positioned at the intersections of the scan 
line and the image lines corresponds to the particular probe 
ZO. 

10. The method of claim 1, wherein at least one of the probe 
Zones is configured to detect a different drug of abuse than 
another one of the probe Zones. 

11. An article of manufacture including a non-transitory 
computer-readable medium having instructions stored 
thereon that, if executed by a computing device, cause the 
computing device to perform operations comprising: 

capturing an image of a test strip; 
wherein the test strip has a pattern displayed thereon, the 

pattern occurring in response to a tested solution con 
tacting a first region of the test strip and including a 
plurality of test lines that each correspond to a probe 
Zone configured to indicate the presence or absence of a 
corresponding Substance in the tested solution; 

selecting at least one Scanline from the image, the Scanline 
intersecting image lines of the pattern of the captured 
image; 

identifying pixel positions located at intersections of the 
Scan line and the image lines of the pattern in the cap 
tured image; 
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Selecting a reference pixel position associated with the 
image of the test strip; and 

correlating each of the identified pixel positions with a 
particular one of the probe Zones using the reference 
pixel position and a preset sequence of the probe Zones. 

12. The article of manufacture of claim 11, wherein the 
reference pixel position is selected by locating a pixel in the 
selected scan line of the captured image having a minimum 
red pixel value. 

13. The article of manufacture of claim 11, wherein the 
reference pixel position is selected by locating a pixel in the 
selected scan line of the captured image having a minimum 
average pixel value formed of red, green, and blue pixel 
values. 

14. The article of manufacture of claim 11, wherein the test 
strip has a white base. 

15. The article of manufacture of claim 11, wherein the 
tested solution comprises a biological fluid collected from a 
Subject. 

16. The article of manufacture of claim 15, wherein the 
biological fluid comprises a urine specimen fluid. 

17. The article of manufacture of claim 11, wherein the 
image of the test strip is captured using a charge-coupled 
device. 

18. The article of manufacture of claim 11, wherein the test 
strip includes a second region configured to have a response 
indicating whether the tested solution has moved through all 
the probe Zones, wherein the second region is positioned 
further from the first region than the probe Zones such that the 
probe Zones are positioned between the first region and the 
second region. 

19. The article of manufacture of claim 18, wherein the 
instructions stored thereon, if executed by the computing 
device, cause the computing device to perform operations 
comprising using the reference pixel position to identify a 
respective pixel position of the second region on the Scanline. 

20. The article of manufacture of claim 11, wherein the 
probe Zones of the test strip include at least one particular 
probe Zone between top and bottom probe Zones of the test 
strip, and wherein at least a particular one of the identified 
pixel positions of the scan line that are positioned at the 
intersections of the scan line and the image lines corresponds 
to the particular probe Zone. 

21. The article of manufacture of claim 11, wherein at least 
one of the probe Zones is configured to detect a different drug 
of abuse than another one of the probe Zones. 

22. An apparatus, comprising: 
means for capturing an image of a test strip; 
wherein the test strip has a pattern displayed thereon, the 

pattern occurring in response to a tested solution con 
tacting a first region of the test strip and including a 
plurality of test lines that each correspond to a probe 
Zone configured to indicate the presence or absence of a 
corresponding Substance in the tested solution; 

means for identifying pixel positions located at intersec 
tions of a scan line and image lines of the pattern in the 
captured image: 

means for selecting at least one scan line from the image, 
the scan line intersecting one of the image lines of the 
pattern of the captured image; 

means for selecting a reference pixel position associated 
with the image of the test strip; and 

means for correlating each of the identified pixel positions 
with a particular one of the probe Zones using the refer 
ence pixel position and a preset sequence of the probe 
ZOS. 
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23. The apparatus of claim 22, wherein the reference pixel 

position is selected by locatingapixel in the selected Scanline 
of the captured image having a minimum red pixel value. 

24. The apparatus of claim 22, wherein the reference pixel 
position is selected by locatingapixel in the selected Scanline 
of the captured image having a minimum average pixel value 
formed of red, green, and blue pixel values. 

25. The apparatus of claim 22, wherein the test strip 
includes a second region configured to have a response indi 
cating whether the tested solution has moved through all the 
probe Zones, wherein the second region is positioned further 
from the first region than the probe Zones such that the probe 
Zones are positioned between the first region and the second 
region. 

26. The apparatus of claim 25, further comprising means 
for identifying a respective pixel position of the second 
region. 

27. The apparatus of claim 25, wherein the first and second 
regions comprise ends of the test strip and the pattern is 
displayed on a body of the test strip. 

28. The apparatus of claim 27, wherein the first region is 
located on a bottom end of the test strip and the second region 
is located on a top end of the test strip. 

29. The apparatus of claim 22, wherein the probe Zones of 
the test strip include at least one particular probe Zone 
between top and bottom probe Zones of the test strip, and 
wherein at least a particular one of the identified pixel posi 
tions of the Scanline that are positioned at the intersections of 
the Scanline and the image lines corresponds to the particular 
probe Zone. 

30. The apparatus of claim 22, wherein at least one of the 
probe Zones is configured to detect a different drug of abuse 
than another one of the probe Zones. 

31. An apparatus, comprising: 
an image capturing device configured to capture an image 

of a test strip; 
wherein the test strip has a pattern displayed thereon, the 

pattern occurring in response to a tested solution con 
tacting a first region of the test strip and including a 
plurality of test lines that each correspond to a probe 
Zone configured to indicate the presence or absence of a 
corresponding Substance in the tested solution; and 

a computing device configured to connect to the image 
capturing device, wherein the computing device is con 
figured to 

select at least one scan line from the image, the scan line 
intersecting image lines of the pattern in the captured 
image; 

identify pixel positions located at intersections of the scan 
line and the image lines of the pattern in the captured 
image; 

select a reference pixel position associated with the image 
of the test strip; and 

correlate each of the identified pixel positions with a par 
ticular one of the probe Zones using the reference pixel 
position and a preset sequence of the probe Zones. 

32. The apparatus of claim 31, wherein the reference pixel 
position is selected by locatingapixel in the selected Scanline 
of the captured image having a minimum red pixel value. 

33. The apparatus of claim 31, wherein the reference pixel 
position is selected by locatingapixel in the selected Scanline 
of the captured image having a minimum average pixel value 
formed of red, green, and blue pixel values. 

34. The apparatus of claim 31, wherein the test strip 
includes a second region configured to have a response indi 
cating whether the tested solution has moved through all the 
probe Zones, wherein the second region is positioned further 
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from the first region than the probe Zones such that the probe 37. The apparatus of claim 34, wherein the first and second 
zones are positioned between the first region and the second regions comprise ends of the test strip and the pattern is 
reg1on. displayed on a body of the test strip. 

35. The apparatus of claim 34, wherein the computing 
device is configured to identify a respective pixel position of 5 
the second region. 

36. The apparatus of claim 31, wherein the probe Zones of 
the test strip include at least one particular probe Zone 39. The apparatus of claim 31, wherein at least one of the 
between top and bottom probe Zones of the test strip, and probe Zones is configured to detect a different drug of abuse 
wherein at least a particular one of the identified pixel posi- 10 than another one of the probe zones. 
tions of the scan line that are positioned at the intersections of 
the Scanline and the image lines corresponds to the particular 
probe Zone. 

38. The apparatus of claim 37, wherein the first region is 
located on a bottom end of the test strip and the second region 
is located on a top end of the test strip. 
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